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ItOHBRTON  AND  BNBBGY  RELAXATION  Of  AN  ELECTRON  IN  A  CRYSTAL 


I.  General  Relations  tor  Test  Electron. 


P.  A.  Kazlauskas,  I.  B.  Levinson. 

(Subaitted  6  Bar.  ISbb) 


The  values  characterizing  relaxation  and  fluctuation  of  energy 
and  aoaentua  of  a  test  electron  m  a  crystal  are  examined  during 
collisions  with  phonons  and  static  iapurities.  These  values  are 
studied  both  for  elastic  and  for  inelastic  scattering  at  various 
lattice  teiperatures . 
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Int  ivuliK't  Ion 

the  speed  of  transaissioa  of  energy  and  aoaentua  froa  electrons 
to  the  lattice  deteraines  the  decree  of  deviation  of  distribution  of 
the  electric  field  froa  egualiufiua  with  the  absence  of  a  field. 
Strictly  speaking,  by  energy  we  suuuld  aean  its  excess  above  theraal 
energy,  and  by  aoaentua  we  should  aean  directed  aoaentua,  for 
exaaple,  projection  to  the  direction  of  the  field.  It  is  obvious  that 
losses  of  energy  aad  aoaentua  by  the  electron  can  be  described  with 
the  aid  of  son*  tines  ct  relaxation. 

The  aost  coanoa  aethou  of  introduction  of  relaxation  tine  is 
based  on  exaaination  of  tne  test  particle,  as  is  usually  done  in  the 
theory  of  plasaa  [1]. 

At  this  work  a  systeaatic  exaaination  is  conducted  of  the 
values,  describing  the  interaction  of  the  test  electron  with  the 
lattice  (phonons  or  static  detects)  for  an  isotropic  aodel  of 
aeaiconductor.  In  detail  is  studied  the  degree  of  elasticity  of 
scattering  on  acoustic  and  optical  phonons  depending  on  the  energy  of 
electron  and  the  teaperature  of  tae  lattice. 
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1.  Lavs  of  dispersion. 

The  lav  of  dispersion  of  electrons  in  isotropic  aodel  is 
determined  by  the  connection  netweem  energy  €  and  the  absolute 
value  of  momentum  p  in  the  fora  z  =  slp)  or  p=p(e).  Bence  is 
determined  speed 

••'«»-*  ("i 

and  the  density  of  states 

*(*)  =  Anp*  (e)/t>(e).  (1.2) 

For  parabolic  zone  vith  effective  mass  ■ 

J 

*(/>>*  !m  P *.  /><el  =  (2we)1>. 

I  3  I 

r(()«(2t'm)2.  g  (t)  =  4it  (2m) "  s’.  (1.3) 

The  lav  of  dispersion  of  phonons  is  assigned  by  the  dependence 
of  frequency  w  on  the  absolute  value  of  momentum  g  in  the  fora 
«>u (q) .  For  acoustic  phonons  there  is  taken 

/k. >{q)-sq,  0-4) 

where  s  -  the  speed  of  soead.  for  optical  pkoaons 

A<u(f)«Aoi,(l  -a^*),  (1.5) 

where  wa  -  limiting  freqaency  mad  a  -  coefficient,  responsible  for 

I 

dispersion  of  optical  phonons  of  order  (mM)  \ 
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where  N  -  aass  of  nucleus. 

The  comparison  of  laws  of  dispersion  of  electrons  and  phonons 
determines  the  characteristic  energy  s,(  at  which  the  electron  and 
phonon  have  identical  pulses  to  tuea.  It  is  determined  as  the 
solution  of  equation 

*- kw (*)!,.,<„.  (I  G> 

For  optical  phonons  witnout  dispersion  (.-Am,  For  acoustic  *• 
depends  on  the  law  of  dispersion  oi  electrons  and  is  found  froa 
equation 

(1  7) 

For  acoustic  phonons  tnsrs  exists  another  characteristic  onerqy 
*i.  at  which  the  electron  and  paonon  have  identical  speeds.  It  is 
foand  from  equation 

»<«)-*  (I.H) 

For  parabolic  zone 

«i-  -j  *hj*.  (19) 

Subsequently  it  will  m  assuasd  that  t(p )  increases  faster 

than  p.  Then,  as  is  easy  to  see  iron  Piq.  1,  *;<*» 


Fig.  1.  Law  of  dispersion  ol  electrons  and  characteristic  energies  of 
acoustic  scattering. 
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Furthermore,  with  this  assumption 


H3  c>(,  creAyet  sp (*)<*, 


(1-10) 


H3  t<«,  c/KAyer  sp(t)>t. 

For  optical  phonons  it  wxli  he  convenient  to  consider  that 


2.  Probability  ox  scattering  in  isctropic  model. 


The  probability  of  scattering  of  electron  from  a  state  with 
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■oiMtua  p  to  a  state  wita  eoeentun  p',  connected  with  radiation 
(upper  sign)  or  absorption  (uotto*  sign)  of  phonon  with  nonentue  q, 
is  taken  usually  in  the  following  tore  [2]: 

I 

r‘(p.  P>-  (*(«)  +  !,  ♦  1)  [J^]*  *(P.  p>*(kp»  MpMMotqk)  (2  l» 

Is  this  case  during  confutation  it  is  necessary  to  consider 
a-  »(p-p)  Iqualibriua  nuauer  of  pnonons  enters  the  last  expression 

*<«>-[«P  -l]  '  (2  2) 

and  also  the  square  of  the  electron  aatrix  eleaeat  M[p.  f). 

connecting  the  beginning  ana  eud  electron  states. 

In  the  isotropic  aooel  it  is  accepted  to  consider  that  N  depends 
only  on  the  value  of  icaeutui  of  tae  radiated  or  absorbed  phonon  and 
does  not  depend  on  the  direction  of  this  aoaentua.  The  laws  of 
dispersion  of  electrons  aud  pnonons  also  are  considered  isotrcpic. 

Ill  this,  in  essence,  indicates  sone  averaging  with  respect  to 
angles,  which  can  be  don*  differently  (either  in  the  entire 
probability  of  transition,  of  in  separate  factors) ;  therefore  the 
values,  figuring  in  the  isotropic  aodei,  are  deterained  actually  with 
accuracy  to  a  factor  on  the  order  of  one,  depending  on  the  aathod  of 
averaging.  Exceptions  are  cases,  wnen  sone  value,  for  exa  npla  t(p). 
in  actually  is  isotropic,  since,  generally  speaking,  division  into 
longitudinal  and  transverse  pnouons  takes  place  only  along  certain 


DOC  •  0170 


(loA 


7 


directions,  than  in  actuality  ta«  aentioned  averaging  is  perforated 
not  only  by  directions  oi  too  aoaentua  of  phonon,  but  also  by  the 
polarisations  of  phonon. 

After  such  averaging  tne  prouability  ot  scattaring  in  the 
isotropic  aodel  is  convenient  to  mite  out  in  the  following  Banner, 
dividing  the  eaaision  aua  aosoiption  terns: 

*'(«.  t  x>+*‘  («•  «•  X*-  <*3) 

where 

»■’  ft.  x)~  ^  [nwI+  ,1  ♦  .1 1  * («  c  ♦  <2.4» 

Here  x  -  angle  of  scattering,  anu  t  and  £'  -  initial  and  final 
energy  of  electron.  In  tin*  cnee  it  is  necessary  to  consider 

(t  )ws  x  (2  >r>) 

The  dieessioss  of  tbe  utilised  valses  are  the  following:  w 
-  (s)  -»  X  (aoaent  ua)  ~3 ,  fc  -  (energy)*  X  (aoaentua)  ~3  . 

factor  (aoaentua)3  is  couneoteu  with  the  density  of  states  in  the 
space  of  aoaenta,  factor  is)  -  with  the  frequency  of  transitions, 
and  (energy)*  -  with  the  value  oi  square  of  the  aatrix  eleaent  of 
electron-phonon  interaction. 

Subsequently  we  sill  us#  tas  aoaenta  of  probility  of  transition 

W, («,«*)- ^  f  «  .  x»/’,l<v*X)-  <*•  -  (fc*in  xdt .  (2  fi) 


i 
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with  the  aid  of  which  is  vatteu  out  expansion 

W (c.  «•.  *)-£  «'»  <-/♦  M  /*aco»/»  (2  7) 

l  V 


The  aost  generally  used  are  wa  (average  vita  respect  to  angles),  W, 

V{,  and  also  transport  icmuu 

ir,(t.  «')*»,(«.  «')-  »',(!.  *  )*  t‘_  I  «*>«({.  J.  /Ml  CON  /I.  (2  Ht} 

*')*  *  (>♦,(».  £)  H, u.  f  l)  I  </<>H K.  -  /Ism5/  (2.sd) 

All  these  aoaents  can  be  represented  as  the  suas  of  o:::  i  ss  I  c::  and 
absorption  parts.  Let  us  write  out  their  expressions  through  B(q). 
With  the  aid  of  (2.5)  tnere  is  replaced  variable  of  integration  / 
by  q,  and  we  obtain 


where 


M,'  (i.  s  I  - 


A  ->(*>/•<*> 


r  u>  *  ph  » 

I  dy </*(*> ft <v>  [  v«f)+ *  +  ,l]x 


f  («>  Mil 

"  A  («  «  * 


(2  9) 


Pi  (V  >  u  ^  (COS  /  I 


with 


COS  1 


(c)  */>•(«>  -  V* 
->  («>  />  (t  > 


(2  10) 


In  the  case  of  scattering  on  static  defects  (npunties, 
dislocations)  in  Born  approxiaa tiou  the  probability  oi  scatterinu 
depends  only  on  the  trausaitted  aoientui  g.  Therefore  in  isotropic 
aodel  for  scattering  on  static  detects 
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W(t,  s',  x)-  ^  *(*)*(«“«')•  (2-11) 

3.  Characteristics  or  scattering  of  test  particle. 


The  behavior  of  the  test  particle  is  described  by  different 
tines  of  fluctuation  or  relaxation,  which  in  view  of  the  isotropicity 
of  the  nodel  depend  only  an  energy  £. 

Life  time 

WVif.  P'>-  <3  » 


Relaxation  tine  of  aoaentun  of  its  longitudinal  component 

f[;[  —  /  (rfp')^(p.  P')(P-P’);i.  (3.2) 

Transverse  conponent  of  noaentun  does  not  relax  in  view  of 
isotropicity. 

The  tine  of  fluctuation  or  transverse  conponent  of  aoaentun,  or 
the  tine  of  deflection  cf  aoaentun 
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f'S  "  f  r<*>  »*><»  »*>'  cc« 

Tine  of  fluctuation  ui  longitudina  l  component  of  puls* 

fS  -  f  p  Mp-p  tf,  (*4> 

Signs  tad  partain  to  th«  direction  of  Initial  eoaantua  p.  Hy 
carrying  ottt  integration  mtn  is* poet  to  angles  in  (l.i)-(l.**),  it  is 
possible  to  nipress  the  chaiacter  let  ic  t  1»ps  through  spherical 
moments  W,  in  this  case  it  is  convenient  to  introduce  tiae  t* 
accord inq  to 

£’’t‘  -  f  t  )  t:» fd 

n 

Than  «•  kata 


»  » 

%  *  ** ' 

(».«) 

\  1  1 
a* 

(0.7) 

*  *«• 

|  «j  |  ) 

*  I  5  <H  <4  tM  ' 

(H.H) 

•  - 1  2  1 1 ;  '  ♦ *  1 

(d.t») 

For  synnetric  scattaring,  vnen  t ha  probability  of  scattering 

doaa  not  da  pa  ad  on  *.  l.e.  #  *,«0  with  /i* 0.  «•  hava  Wt„-U  with 

/a 0.  in  thla  caaa  froa  tha  four  tlaaa  r,.  r,  t  and  »,  only  tvo  nra 
iadepandent,  because  they  ail  are  expressed  through  rm  and  rM  For 
elastic  scattering  tlaon  r„-t,  do  not  dapand  on  n.  Aaoag  tinaa 
v  t.  t.i  and  t i  only  thraa  nra  independent,  because  thay  all  are 
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expressed  through  r0,  t,  and  r2. 


Energy  relaxation  is  aetetamed  by  lost  power 

G(p)  -  f  W)  t«  <p)  - « (P  >1  Wi».  p')  (3.10) 


In  isotropic  aodel  Q  does  not  depend  on  the  direction  p  and  after 
integration  with  respect  to  angles  takes  the  fora 


Q  («)  -  /  dt’g  (.')  («  -  «')  («,*')  (311) 

o 


Proa  physical  considerations  it  is  clear  that  £('>  should  change 
sign  with  soae  «*  of  crdet  KT;  with  s<c*  the  electron  acguires 
energy  froa  the  scattering  systeia  aad  Q<0.  and  with  t > t*  the 
electron  gives  out  energy  to  this  systea  and  (>>0.  Therefore  it  is 
possible  to  write 


<?<*>*  V* 


(«)  ’ 


0.12) 


where  t  is  the  relaxation  tiae  of  energy  for  the  test  particle. 


Another  characteristic  or  tae  energetic  interaction  between  test 
particle  and  the  scattering  systea  is 

D  (p)  -  j  f  W)  [« (P)  - « (P  >1*  "'(p.  P')  0. 1 3) 

In  contrast  to  Q,  this  value  identically  considers  both  the  loss  and 
the  acquisition  of  energy  of  test  particle.  Therefore  D  describes  not 
the  relaxation  of  energy,  nut  its  iluctuation,  i.e.,  exchange  of 


I 
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energy  between  the  test  particle  and  the  scattering  systea.  In  the 
isotropic  aodel 

« 

D  (<)  -  J  f  *'  g  (.')  (t  -  «')•  W%  («.  *').  0  1 0 

0 

By  analogy  with  the  relaxation  tiae  it  is  possible  to  introduce  the 
tiae  of  fluctuation  of  euatgy  t 


i  o<«> 

t(t)  "  «• 


(3.15) 


Qualitative  exaaindtiou  of  scattering. 


Let  us  investigate  gual ltdtively  the  character  of  scattering  of 
electron  with  energy  t  using  laws  of  conservation ,  which  will  be 
conveniently  written  in  tne  following  fora: 

9  -  \P*  (*)+/>*  (c')-2p(c)p(t')  cos  x)a .  (4.1) 

-  ±  Aw  (g).  (4.2) 

These  relationships  are  depicted  graphically  in  Fig.  2  for  acoustic 
scattering  and  in  Fig.  J  for  optical  scattering. 

Fig.  2.  Region  of  integration  during  acoustic  scattering. 
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different  types  of  solutions  of  systea  (4.1)  *(4.2)  depending  on  the 
initial  energy  £t  respectively,  in  cases: 

1)  -  with  «,<«.  eaission  and  absorption  occur  with  scattering 
to  all  angles; 

2)  -  with  eaission  is  hampered  and  is  possible  only 

with  scattering  forward  x<*/2; 

3)  -  with  c<«;  eaission  generally  is  inpossible. 

For  optical  scattering  there  are  only  two  cases,  which  are  obtained 

with  c;-c,. 


Let  os  investigate  now  the  degree  of  elasticity  of  acoustic 
scattering  depending  on  C.  In  oruer  to  use  Fig.  2,  instead  of 
change  of  £  it  is  nore  convenient  to  consider  the  change  of  s.  if 
c>(,  (or  s— >0)  ,  then  y*2^(«)  aud  change  of  energy  Ac»2vt*)<«. 
i.e.,  the  scattering  is  elastic.  With  decrease  of  the  energy  up  to 
waives  «~c*  the  scattering  is  aaue  inelastic,  and  Ac~t~c,-  If 

(or  *-♦■) ,  then,  as  is  easy  to  see,  for  deteraiaatioa  of  the 
final  energy  we  hawe  c'sjp(c’),  whence  «'»«,.  Than,  i.e., 

with  «<«•  scattering  is  highly  inelastic. 
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It  is  obvious  that  these  conclustions  about  the  degree  of 
elasticity  of  scattering  depending  on  the  coaparison  of  t  and  e» 
are  valid  also  for  optical  scattering. 

Let  us  discuss  now  the  guestions  connected  with  teaperature.  Let 
us  exaaine  the  elastic  scattering.  First  of  all,  it  will  be 
universally  elastic  only  with  kT>  *»  Secondly,  the  character  of 
distribution  of  phonons,  on  which  scattering  occurs,  is  of  interest. 
It  is  deterained  by  the  coaparison  of  h to  =  Ae  and  kT,  where,  as  seen 
froa  the  above-presented  discussion.  At  =  for  optical  phonons, 
and  At-j p  (e) » (2i»u* t) * 

for  acoustic  phonons.  For  nign  teaperatures  *7> A*  the  scattering 
occurs  on  classically  egually  distributed  phonons,  the  nunber  of 
which  Ar~*r/Ac}>t.  For  low  teaperatures  kT< Ac  the  nuaber  of 
significant  phoaons  JV~exp(- At//tr)<  1  and  scattering  occurs  aainly  due 

to  the  spontaneous  eaission  of  phonons.  Let  us  eaphasize  again  that 
for  acoustic  scattering  the  character  of  the  teaperature,  high  or 
low,  depends  on  the  energy  of  electron  c. 

For  inelastic  scattering,  as  was  shown,  outside  the  dependence 
on  the  energy  of  electron  always  Ac~c,,  Therefore  the  character  of 
distribution  of  phonons  depends  on  the  coaparison  of  kT  and  At 
high  teaperatures  fc7>t*  the  significant  phonons  are  distribnted 
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classically  and  their  auaeet  is  great*  W^AT7c,*l.  In  this  cast  for 
•  lactron  of  energy  *>t,  the  probabilities  of  absorption  and  aaission 
have  idantical  order  of  value.  At  low  taapacaturas  W<«c,  the  nuaber 
of  significant  phonons  is  saallx  N  ^np{~t,/kT)<  I  In  this  case  for 
electron  vith  energy  t>*i  tue  probability  of  spontaneous  eaission 
is  such  greater  than  the  probability  of  absorption. 

Let  us  nxaaine  now  tue  peculiarities  of  scattering  of  electrons 
with  energy  t<«i  at  low  tesp* ratures.  The  eaission  of  phonon  for 
such  an  electron  la  in  possible;  the  probability  of  absorption  is 
snail.  After  absorption  occurs,  tee  energy  of  electron  is  nade  of 
order  *.  Now  for  the  electron  the  probability  of  spontaneous 
eniasiaa  is  auch  greater  than  the  probability  of  absorption  and  auch 
qreater  than  the  probability  or  the  first  absorption.  Therefore 
actually  one  should  consider  teat  the  pr inary  absorption  is 
accoapanied  by  inst antaaeous  reeaission,  and  one  should  consider  the 
process  of  scattering  as  coabiued  t  3,  4]. 

The  resulting  two-stage  scattering  on  optical  phonons  is  elastic 
thanks  to  their  snail  dispersiou,  since  the  reenitted  guantun  with 
respect  to  energy  alnost  coincmes  with  the  initial  absorbed.  For 
two-stage  scattering  on  acoustic  phonons  there  is  no  such  elasticity. 
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S.  General  formulas  lot-  computation  of  the  characteristics 
of  scattering. 


Let  us  compute  non  the  values,  characterizing  the  test  particle, 
having  expressed  them  iu  toe  luia  of  integrals  by  g,  containing 
function  B(g)  .  All  these  values  Mill  be  represented  in  the  form  of 
the  sum  of  tuo  terms,  correspoudin^  to  the  radiation  (top  sign)  and 
absorption  (bottom  signj  . 


where 


DOC  *  0370 


PAGE  Id 


_> _ *  *  t  *,*(,)  ftffri+iiiiifc-1—! 

t*{«)  *  y®  *  wl  .(,**,<,)) 

x[f*  (/*(«)+*'  («?*■»(»)))-  2  (p*(c)-/»*(t?*w(f )))  -  i  *‘]  <5  6a> 

Tiie  of  longitudinal  fluctuation  of  aoaentua 


•here 


1 

th  (•) 


_j _ 

Ti!  <•> 


(5.56) 


I  2k  2k 

*  y® 


/  4v*«<«)[^<4>  +  T±t] 


#(*TA««(»)) 


(5.66) 


Power  of  energy  relaxation 

<?(*)  =  G+(«)-£-(«).  (5  7) 


where  (?+  -  power,  given  off  during  radiation  of  phonons,  and  q- 

power,  obtained  during  absorption  of  phonons: 

o*(,»-T  m  / <%*(*)»»(«> kh{±t)  '58' 

The  characteristic  of  energy  fluctuation 


where 


D(t)-D+W  +  D-(t), 


D*  (*)=• 


X  I  4nB(i)Vk»W  [*<*)  +  i  ±  i 

t 


p(.***»J*)) 
®  («**»<«)) 


(5.9) 

(5.10) 


The  integration  linits,  bottom  q*(t)  nod  top  q*  (e),  are 
deternined  by  laws  of  conservation. 


Their  values,  or  equations,  rroa  which  they  should  be  found,  are 
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indicated  in  Table  1. 


Table  1.  Integration  Units  tor  acoustic  and  optical  scatterings  with 


arbitrary  lav  of  electron  dispersion. 

<<0  * _  ,  t>) 


AArofSuiM 


- r 


r  ■(  ' 

*  *''**)' 

,  v1 

if)  S 

C  v€. 


u-ri*  P («' 


i-n*)- p(t-  »»> 

(V*»W 


(v-0> 


„-0 


♦  p\*  *  w> 


(*) 


- 

A**J 

i 

»' 

iKO  -  e  <•)  I  «-p<»  +  A«*d  +  A(*> 


Key:  (a)  Emission,  (b)  Absorption,  (c)  Optical,  (d)  Acoustic. 

Dashes  indicate  that  eeissioa  or  puonons  is  forbidden  by  the  laws  of 
conservation. 

The  above-provided  torauias  are  obtained  if  ia  the  determination 
of  the  appropriate  value  we  place  the  needed  noneat  W,  in  the  fora 
(2.9).  The  obtained  double  integral  with  respect  to  {  and  i.  is 
pravalent  ia  the  region*  liaited  oy  curvaa  *  -o.  *  ia  Pigs.  2  or  3. 
Oaing  «- function,  it  can  ba  reduced  to  the  iategral  with  respect  to 
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curve  «'-*±Aw'(*)  with  pacaneter  4. 

Let  us  note  that  formulas  {5.1)- (5. 10)  can  be  highly  simplified 
for  parabolic  zone  with  any  law  ox  dispersion  of  phonons  and  for 
optical  phonons  without  dispersion  with  any  law  of  dispersion  of 
elect rons. 


Institute  of  Physics  and  datheaatics  of  the  Academy  of  Sciences  of 
Lithuanian  SSB.  Vilnius  state  Pedagogical  Institute. 
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Appendix 


Natrix  elements  a  (g)  toe  different  mechanisms  of 
scattering. 


The  majority  of  sencoaauctocs  have  two  atoms  each  in  the 
elementary  cell.  Therefore  in  tae  isotropic  model,  where  there  is 
actually  conducted  neutralization  with  respect  to  polarizations  of 
phonons,  it  is  necessary  to  examine  two  types  of  phonons:  acoustic 
and  optical.  They  will  be  distinguished  by  designations  A  and  0.  The 
phonons  of  each  type  scatter  electrons,  generally  speaking,  by  two 
means.  Spread  of  oscillations  in  tne  lattice,  first  of  all,  creates 
distortion  of  electric  microtieiu  in  the  elementary  cell,  which  leads 
to  change  of  the  law  of  aispersion  of  electron,  and,  secondly,  in  the 
elementary  cell  creates  aipoie  moment,  which  leads  to  the  appearance 
of  electric  macrofield,  scattering  due  to  the  first  effect  is 
accepted  to  call  deformation,  ana  uue  to  the  second  effect  - 
polarization.  These  two  types  01  scattering  will  be  distinguished  by 
designations  D  and  P.  Thus,  four  mechanisms  of  scattering  exist:  DA 
(on  deformation  potential  of  acoustic  phonons),  PA  (piezo-acoustic). 


i 
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DO  (on  deforaation  potential  or  optical  phonons) ,  PO  (polarization) . 
The  aechanisas  of  PA  ana  Po  are  possible  only  in  crystals  with 
different  atoas  in  eleaentary  ceil. 

Scatterings  D  and  p  on  pnonons  of  one  type  do  not  interfere, 
since  the  corresponding  aatnx  eitments  are  phase  shifted  v/2. 
Therefore  it  is  possible  to  consider  D  and  P  as  independent 
scattering  aechanisas. 

Below  are  provided  expressions  B (q)  for  all  four  scattering 
aechanisas. 

(lechanisa  DA  [  5  ]: 

•  l  d? 

A-*  W  p*’ 

Here  p  -  density  of  crystal,  di  -  constant  of  deforaation  potential 
(diaensionality  of  energy)  .  Xae  speed  of  sound  s  is  usually 
considered  soae  average  longitudinal  velocity. 

Soaetiaes  other  constants  are  used: 

C(7,  8)-|  c, 

Hechanisa  PA  [  9  ]: 

f~  **• 

Here  we  introduced  characteristic  field  E0,  deteraining  the 
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piezoconnection  of  electrons  witu  acoustic  oscillations.  There  Is 
also  used  diaensionless  coetl lcieut  of  e loctroaecha nical  connection 
K*  [10].  ill  these  values  iu  essence  are  soie  averaged  with  respect 
to  angles 


e. 

z*. 


/  •  \ 

’W* 

\  ut  / 1 


where  e  -  piezoaodul us,  «.  -  static  dielectric  constant  and  c  - 
elastic  constant.  The  speed  ot  sound  s  entering  B0  is  also  a  certain 
average,  in  which  enters  tne  speed  of  both  longitudinal  and 
transverse  waves. 


nechanisn  PO  [  .1 ,  4]: 


A" 


he.  /  >  .  '  \ 

(hflu  *,)' 


Here  «.  and  •,  *  high-frequency  and  low-frequency  dielectric 

constants,  is  the  parameters,  describing  the  interaction  of  electrons 
with  polarized  oscil lat lens,  there  are  also  used: 


diaensionless  constant 


of  connection 

»•  /  i 
*"/K  \«„ 


characteristic  electric  tieid  [11] 
giving  sosent  of  cell  [li] 


*  A  - 


V%M 

4n 


end  effective  charge. 


OOC  «  0170 


PAvifi  d<* 


In  the  last  e  iptessi on s  iu  dominated  t  **  and  *v  -  opoed  and 
momentum  of  electron  with  energy  A*v  -  voluno  of  coll  and  it  - 
Co due od  mass  of  ions. 


l.et  ur  note  that  in  loLmula  to.  1  ih)  [  111  there  is  no  factot  7  in 
the  denominator. 


Mechanism  r>0  [  1  )t 


i  n* 

#«>-*  A,-  *f 


Mete  0  -  constant  of  ^Loiaauou  potential  fot  optical  phonons, 
determined  as  shift  of  iiottom  ol  .one  with  single  relative 
displacement  of  svi  hi  at  t  u:ea  4  lu  ],  »*•  -  density  or  reduced  mass  of 
ions;  if  I’Oth  ions  in  the  ceil  ate  identical,  then  p'-rl/U  p. 
Sometimes  another  constant  i«  u*«d 

i 

*  o 

where  0  on  the  left  -  constant  dimension  of  energy  and  K  -  vector  of 
reverse  lattice. 
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.V  ii  in  mar// 

Fnergy  ami  momentum  relaxation  determine*  energy  anil  itritl  vpIih'IIv  thtlrihnltou 
<>(  hot  elevlrnus 

f  ollow  mg  quantities,  describing  text  electron  interaction  with  tallica*  vibrations 
amt  ar  sialic  imperfections,  are  eonsntereil  life  lime  lute)  (3  11,  longitudinal  momentum 
relaxation  time  t(r)  (3  2),  transxetxal  and  longitudinal  momentum  detleelion  times 
1  Ir)  (33)  and  i,,  (el  (341.  eneigx  loss  power  <2(rl  (i)lll  amt  onergx  (liietnalion 
.. Rower"  0(e)  (3  131  Seatlermg  piolialulitx  is  assumed  only  otnigy  and  sealteiing  angle 
dependent  (2  4)  (2  7)  V.leetrnn  and  phonon  dispertion  tU'\  ami  .,i(q>  is  assumed  isoim 
Pie.  hut  arbitrate  Hie  characterisin'  eneigx  p,,  tor  electron  phonon  scattering  is  detenui 
ned  bx  r(nl  and  i'i(ql  comparison  from  equal  mu  (lii) 

I  In  scattering  elasticitx  and  effective  phonon  distidmlion  loqmpaitition  or  ,eio 
point  vibrations)  for  various  election  ettergx  ►  and  lattice  temperature  1\  is  analxsed 
these  Mattering  properties  are  deleiiiimed  hv  the  eompaiison  ot  r.  kl  amt  r„ 

tirnetal  formulae  lor  t„.  r,  r||t  i  ,  .  q)  and  f)  ealeolalion  aie  given  In  (.">||  (MO), 

where  Ihe  limits  of  integration  aie  listed  in  (aide  I 
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